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Introduction
Engaging members of the lay public with science has become a business-as-usual activity for many scientists within academia. Although a widely accepted definition is yet to exist, science communication can be considered an umbrella term for public engagement, outreach, widening participation etc., with the specifics depending on the mode of delivery, aim, location, intended audience, and institutional preference 1 . Common examples of science communication include university open door events, science festivals, school visits, writing for the popular press, providing engaging presentations in easily-accessible locations (pubs, cafes etc.), using social media, and producing digital media such as podcasts and video content. The overall aim in all cases is primarily to engage a non-scientist with a particular field of science and/or research topic, often driven by the expertise of the academic.
Support for these science communication activities continues to grow following a pivotal report by the Wellcome Trust and the Office of Science and Technology in the UK, which recommended moving away from a deficit model 2 , whereby scientists assume the public have a lesser knowledge of science and provide information to fill any gaps. The deficit model has been discussed and criticized widely by many [for example [3] [4] [5] , with science communicators favouring a contextual approach to establish dialogue between the experts and the members of the general public. This approach has been incorporated into the ethos and policy of many leading public engagement organisations such as the National Coordinating Centre for Public Engagement (NCCPE), which defined public engagement as "…a two-way process, involving interaction and listening, with the goal of generating mutual benefit." It is therefore no surprise that there is a growing trend within universities to encourage their academic staff to undertake activities that may be considered as science communication. Researchers have indicated many important motivations for these activities, including increasing the public's interest of science and awareness as well as an appreciation of science and scientists 8, 9 .
Science festivals often encompass obvious outputs of academic public engagement. Described as a 'celebration' of science, technology, engineering and related aspects, with the intention to engage non-specialists with a time-limited recurring frequency, they are growing in number globally, with the UK hosting more than any other country 10 .
Whilst the attraction and effect of science festivals on participating public are well researched [e.g. [11] [12] [13] , there is little in the literature to suggest that this is the preferred method of communication for the audience ('the public'), nor how members of the public would actually like to engage with academic scientists if they had the choice. Science festivals are of course not unique in this context, with many different forms of communique from 'popular science' books 14 to blogs 14, 15 and podcasts 15, 16 often receiving support depending on the individual preferences of the author/ presenter/scientist. Indeed, incidental evidence collected by the authors of this study suggest that the mode of delivery, methods, and most importantly the scientific topic of many science communication strategies are not decided in consultation with the general public, but are instead determined by constraints such as time, resources, skills and finance. This paper describes a preliminary small-scale study to assess what science communication output the public may like to see, and suggests how academics may be able to better engage with them as a result of this.
Method
A questionnaire-based e-survey was designed with ten questions, four of which captured demographic details of the respondents (Table 1 ). The aim of the survey was to provide insight into respondent's current and future engagement with science communication and/or public engagement activities. The intended respondents were anybody who did not identify as a scientist, therefore the only exlusion critieria was self-identification as a scientist.
The survey was made available for one month (May 2015) and advertised through the social media accounts of the authors (Twitter, Facebook and LinkedIn), with participants encouraged to share the survey with anybody who did not identify as a scientist. Ethical clearance was obtained prior to data collection from the Manchester Metropolitan University Ethics Board (document number SE141518), and carried out according to the British Educational Research Association's (BERA) ethical guidelines for educational research; all responses were collected anonymously. Data were analysed using NVivo ® (v10; QSR International Pty Ltd, Melbourne), where individual responses were coded into themes that were dertermined after an initial analyisis for the purpose of detailed analysis and discussion.
Respondents
A total of 112 responses were collected from respondents from ten countries. The nationalities of the participants were: United Kingdom (71.4%), United States of America (17%), Canada (2.7%), Netherlands (1.8%), Australia (1.8%), Germany (0.9%), Tanzania (0.9%), New Zealand (0.9%), Norway (0.9%), Spain (0.9%) with 0.9% not providing an answer. There were more male responses (56.3%) than female (42.9%) with 0.9% not providing an answer.
The most frequent (34.8%) age of respondents was between 20-29 years old, followed by 30-39 years old (20.5%), 50-59 years old (18.8%), 40-49 years old (12.5%), <19 years old (6.3%), 60+ years old (6.3%) and 0.9% not providing an answer.
Current views and science communication
The majority of respondents agreed that they were interested in science (87.5%), with only 7.1% stating the opposite. Of the remaining respondents, 4.5% selected 'other' and provided mixed opinions whilst 0.9% did not provide an answer. Respondents provided a range of comments, which were coded into 18 different themes (Figure 1 ). The most common reason (21%) given for interest in science attempts to understand the unknown.
"It's based on facts, discoveries and inventions improve our lives, it's interesting to know how the world works"
The second and third most common themes were the ethos of science (scientific method and its basis in evidence-based practice), and the perception that science is beneficial to society (both 13%). One respondent had mixed views about these aspects, noting that whilst science allows people to discover the unknown, the 'dogma' of science and the inability to access scientific literature made it difficult for people to interact with. This is interesting and supportive to the ongoing Open Access movement within academia, attempting to make all peer-reviewed research manuscripts freely available to everyone. Other respondents specified favoured disciplines; biology (12.5%), physics (8.8%), chemistry (3.7%), environmental or earth sciences (1.5%), social sciences (1.5%), mathematics (0.7%) and sustainability studies (0.7%).
Of the respondents who stated that they had no interest in science, no explanation related to a specific scientific discipline. Instead they referred to personal experience with science education (50%), the conflict scientific method can have with religion (25%), or a personal dislike of scientists themselves (25%). What is it about science that would make you interested in engaging with the subject more?
Respondents reported a wide range of educational backgrounds from no formal qualifications to doctoral degrees (Table 2 ). All respondents replied no when asked if they were a scientist. One respondent, when discussing their education, detailed how intrigued they often are, but are made to feel inadequate and lacking in capacity and understanding.
Results and discussion

"…like it's no big deal, and my wonder and awe is ill inspired".
To understand how respondents engaged with science in their day-to-day lives, they were asked to select either very regularly, somewhat regularly, somewhat infrequently or never (Figure 2) . When asked about different engagement mechanisms, the most frequently selected mechanism was via the Internet, with 55% of respondents using it very regularly, and a further 25% somewhat regularly. A further four mechanisms were used by over 50% of respondents at least somewhat regularly, these were: non-specific websites such as news pages, social media (28% very regular, 30% somewhat regular), specific websites such as blogs (30% very regularly, 24% somewhat regularly), and television (16.8% very regularly, 36.2% somewhat regularly). Interestingly, the top four are all online methods of communication, and represent all of the online options provided. Academics too are actively engaged with social media to network, discuss, plan and carryout studies 17 , with 80-90% of research scientists being at least aware of Twitter and Facebook
18
. This rich and existing community of academics could therefore be utilised more frequently and imaginatively to engage members of the public.
Traditional media, i.e. magazines (10% very regular and 21% somewhat regularly), newspapers (9% very regular and 17% somewhat regularly) and radio (6.25% very regular & 12.5% somewhat regularly) are used less often to access science. A small group of respondents used physical events, such as museum visits (8% very regularly and 20% somewhat regularly), or attendance at science festivals to engage (3.5% very regular and 7% somewhat regularly). As noted in the introduction, academics practising science communication and engagement appear to favour these types of activities for public engagement events 19 , perhaps due to opportunity to adhere to a more standard format they are comfortable with -e.g. standing in front of people and explaining.
Some respondents noted other methods for engagement with science that were not included in the survey. They were: multimedia content (e.g. DVD and on-demand streaming services, n=3), amateur science (e.g. amateur astronomer club or designing experiments for their children, n=3), through their workplace/job (e.g. working in a library, n=2), and by reading (books and academic literature, n=2).
Respondents were also asked which events/activities aimed at engaging the public with science, if any, they had previously attended or participated in. Of all the respondents who provided a 33.8% of them had not attended any science engagement events.
"No, I've never been aware of such an event."
Museums were the most popular attended location (23.5%), with 13.2% attending but not specifying details. Universities and science festivals/fairs had a similar response rate (11.8% and 10.3% respectively); only 1.5% had previously engaged in a science communication activity online. This contrasts with the responses from the previous question, which revealed that the Internet was used to actively engage with science ( Figure 2 ). It seems that if the curiosity is driven by the consumer rather than prescribed by the academic, then engagement with science is better recognised. The role of the scientist in creating activities is of little concern.
How can we better engage with the public? The following questions asked respondents how scientists and other organisations such as museums and universities may encourage people to attend events to see/discuss/participate with science. Respondents provided a wide range of reasons (n=146) or actions that may alter their decision to attend a science communication/ outreach event ( Figure 3 ). The most common theme related to their interest in the topic (21.9%). Suggested topics were wideranging, from science of practical value to the respondent, to any topic that the respondent may find interesting as long as it followed scientific methodology.
"Novel exhibitions (e.g. opportunity to try a jet pack)"
Advertising and visibility of events were also considered (13.7%), with many respondents suggesting that they rarely see science communication events being advertised, but generally would attend if they knew far enough in advance. Some respondents elaborated on this, suggesting that advertising should be carried out on social media (n=6) whilst two respondents suggested that advertising be written with inviting language, so as not to intimidate or patronise any potential attendees.
Also of concern was the ability to engage with a hands-on practical demonstration with "more than just storyboards" (13.7%) as well as the geographic location (8.9%) of the activities, as some respondents lived in locations away from major universities or other organisations and so did not have the option to attend without travelling. These responses provide an interesting consideration for scientists; whilst many may consider hands-on practical demonstrations of science to be a valuable tool for the effective communication of science (again, similar to experiences they may have within the undergraduate classroom), participation will be limited to those within the commutable area. Providing further support to develop science communication activities within the digital landscape may be one way to enable participation with people in any geographical location, and is a change that is likely to be embraced given previous answers discussed relating to Internet-based engagement (Figure 2 ).
Despite the interesting opportunities for active involvement that citizen science and crowd sourcing can offer [e.g. 20], only two respondents specified they would like experiments they could investigate themselves. Interestingly, the lecture format was suggested to a lesser extent (3.4%), a low approval for an anecdotally common format. Other considerations included cost (notably the requirement for events to be free, 6.8%) and the inclusion of enthusiastic (2.7%), or famous (2.7%) scientists.
Respondents were asked to consider how they themselves could be better engaged by scientists trying to communicate scientific information (Figure 4) . The most common answer was to bring scientific information to social media (41%). Of these respondents, 34% specified a type of social media (Figure 5 ), the most common being blogs, followed by Twitter, Facebook and YouTube.
Suggestions for output content via social media were, interestingly varied. The need for "idiot proof websites" and short scientific "facts" to gain people's attention, contrasted with suggestions for "more detailed" and "accurate" online dialogue, reflecting the two types of social media suggested, Twitter, where currently only short snippets of information can be posted at any given time due to 180 character limits; and blogs, where the norm is to create pieces of writing of variable length, allowing more detail. Within the comments regarding social media, there was an overall consensus that its convenient nature makes it an attractive mode for scientists and audiences to interact.
The second most common theme was open-door events, but only one respondent provided any detailed thought, suggesting open-door events should take place within a University. Two respondents linked hands-on activities with open-door events, but it may be assumed from previous responses that people associate hands-on activities with open-door events, and thus did not feel the need to discuss them separately. Events in 'real life' locations (outside of typical engagement locations e.g. university or museum) were also suggested (12.2%). Including Café Scientifique (http://cafescientifique.org) or The Green Man music festival (http://www.greenman.net/).
Respondents also suggested that online resources or websites were useful (but not specifically social media, 11.3%). A slightly smaller percentage of respondents recommended podcasting as a medium to better engage them with science (8.5%). Debate, discussion and interviews were all mentioned with reference to podcasts. Other themes resulting from this question included providing open-access literature (3.8%), community-specific events (such as local astronomy clubs, 1.9%), non-fiction books on scientific topics, better news coverage of scientific topics and more famous scientist personalities (0.9%). Also, 0.9% of responses suggest scientists should continue as is, as they believed scientists were successfully achieving their aim in effectively communicating with the public.
The age at which engagement events should be aimed was also investigated. The majority of responses suggested events should be split equally between adult-oriented and child-oriented (60.2%). The number of respondents suggesting that events should be aimed at children, adults or teenagers alone were similar (12.5%, 9.8% and 9.8% respectively). A small number of respondents believed events should be designed for families as a whole (3.6%), whilst the same number felt that the level of pre-existing knowledge should be the definition of who an event is aimed at, not the person's age.
Conclusions
This study has provided new insights into how populations within the 'general public' may wish to engage with academic scientists who are interested and/or required to undertake elements of science communication. Whilst the authors note a variation in responses, that is, no single answer, the results highlight the complexity of communicating with the public which academic scientists need to understand further to ensure outcomes are as effective as possible.
The potential use of the Internet and digital technologies seems favoured by respondents, with less of a focus on more 'traditional' academic science communication activities such as science festivals and open door events. However, the public still want access to these types of events, with considerations such as time, cost, geographical location, clear/accessible advertising (e.g. through social media) and a non-patronising approach should be undertaken. Another key point is that of targeting age groups, with the majority of respondents keen to see adults engaged just as much as children. The type of information the public believe they would be interested in varies, however the themes of understanding the unknown, and the benefits science brings to society were noticeably popular. In order for academic science communicators to undertake activities of this nature, training needs to be introduced/amended to include the point of view of the audience, considering other more accessible methods such as online delivery. This will inevitably not be true for all activities, and even where appropriate, new skills, technology and advertising strategies are likely to be required.
The outcomes of this paper should pose as food-for-thought for proponent science communicators, with more research needed to be done to better understand how different groups of the wider community can be better served by science communication activities presented in different formats. What is evident is the need to think carefully about how scientists plan their science communication activities and carry out evaluations, including considering the point of view of the public, as although defaulting to hands-on open door events at their university may seem like the expected standard, it may not be the best way to reach the intended audience.
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Introduction
Science festivals are discussed in the introduction but there is little description of the other outreach methods/events that were mentioned within the questionnaire. It might be of use to also give examples of some of the other engagement methods. Methods it would be useful to apply some statistical analysis to the results, although I appreciate that statistical analysis may be limited by the sample size of the study.
Major comments
Method
The paper analyses a questionnaire which was distributed via the authors social media accounts. This method of distribution may significantly bias the results obtained. In particular I would expect respondents who had answered a questionnaire advertised in the digital environment to encourage more online engagement from scientists, which was found. This should be considered when discussing the results.
Similarly, although the authors refer to respondents as representing the 'general public' it could be argued that the respondents already have a enhanced level of scientific engagement, since they engage with the authors social media and chose to compete the questionnaire. This bias should also be addressed by the authors.
Overall I think this is a worthwhile and thought provoking preliminary study and hope that the authors will continue the work in the future. I would be very interested to see if the same conclusions can be drawn from a wider participant group and to look in more detail about what engagement methods the 1.
2.
3.
will continue the work in the future. I would be very interested to see if the same conclusions can be drawn from a wider participant group and to look in more detail about what engagement methods the public find the most worthwhile.
I have read this submission. I believe that I have an appropriate level of expertise to confirm that it is of an acceptable scientific standard.
No competing interests were disclosed. Competing Interests: This manuscript develops an interesting and very much debated aspect of science communication i.e. which means ought be adopted by scientists and science communicators in order to successfully reach the lay-audience. Given the steep rise of different sources of scientific information (inside and outside the academic community), it is a timely submission that provides an analysis of the different possible ways to reduce the distance between scientific researchers and broad public. Importantly, this publication offers valuable food-for-thought coming from a privileged point of view, the layperson, attempting to address the flaws that the deficit model in communication may pose. As a matter of fact, by using an survey, ad-hoc Redfern . investigate which are the expectations of a non-scientific audience in terms of their et al engagement in scientific discussions. Remarkably, even though science fairs, festivals, citizen projects are the mainstream in many academic communication policies, the output of the survey intriguingly indicates that, if requested to choose, the public would prefer to be engaged with "time-saver" and less constrained approach like what can be found within the online environment.
The authors have widely addressed the survey results, providing a perspective that should be carefully considered by academic policies, not only in terms of communication departments, but also in terms of scientists training. However, there are some minor points that, as a reader, I would be interested to see expanded and that the authors may wish to include in their final version: the authors mention that science festivals that are more present in UK than in every other countrya brief description of some of them in terms of format and public-deliverables would be an asset for the introduction;
in order to better contextualize the preference of being engaged on an online format rather than with a science festival (fairs, open doors, hands-on workshops, citizen projects), it would be useful to know how much the selected audience of the survey have had the possibility to be "immunized" with such kind of events. Specifically, is there any correlation between the geographical origin of the public reached by the authors and the presence (or not) of science festival within the region? This would allow the authors to define weather if the lack of interest in science fairs is due to geographical proximity ( among the 112 selected participants, none or few of them lives close to i.e. the place where a festival has been taking place lately) or if it is an opinion generated by the comparison between the two way of engagement (festivals vs. online tools). In my opinion, this would clarify if festivals were not a preferred choice due to their non-commutable distance from the surveyed respondent.
Provided that one of the preferred choices of engagement are website and blogs, a brief 3. Provided that one of the preferred choices of engagement are website and blogs, a brief description of some of these available supports and the way they deliver the scientific information would be a plus To conclude, I believe that, with this submission, Redfern provide a seminal data-driven publication et al. about the expectations that the broad public may have when being engaged with science. Even though, the sampling of the survey is made on a reduced scale (112 participants), it definitely poses the basis for further research which will push forward the methods used by the science communication community in order better reach the lay-audience in the fast-pace-changing and hyper-connected era that we are living in.
I am looking forward to reading the final version of the manuscript and, in the meantime, I definitely recommend this article for being indexed. This paper does indeed provide food-for-thought for proponent science communicators. There are a plethora of science communication definitions and modes of delivery and this paper raises the intriguing possibility that science communicators may be getting left behind as the online revolution continues to take place and evolve. Although I feel there are a couple of caveats, for example with the audience reached through the particular sampling technique employed by the authors, this raises intriguing questions about the move towards two-way engagement and the difficulties that this will raise if online or indirect modes of delivery appear to be most valued by the public or at least members of the public reached by these authors.
I wonder if the authors would like to contextualise why they have chosen to talk about science festivals within the Introduction? It may also be of value to expand this section a tad. For example, authors could provide examples of science festivals within the UK and perhaps more globally. What does a typical science festival look like? How long does it last? Where does it take place? Who is invited?.. etc Also, perhaps the authors could describe why scientists choose this direct interaction as a medium? What are the advantages or disadvantages and is it a format that engenders two-way participatory engagement? Also, as the results indicate a desire for indirect science communication methods through online material etc perhaps the authors could expand a little on these types of delivery in the introduction too.
In the introduction the authors state that: "This paper describes a preliminary small-scale study to assess what science communication output the public may like to see, and suggests how academics may be able to better engage with them as a result public may like to see, and suggests how academics may be able to better engage with them as a result of this." I would temper this slightly. I suggest to the authors that instead they state: "This paper describes a preliminary small-scale study to assess which science communication outputs the public may like to see, and suggests how academics may be able to better engage with them, within their own personal constraints, as a result of this.
With the methods section: The questionnaire raises some interesting questions. Would the authors be prepared to share why they chose these particular questions? This may help others who may be considering undertaking similar research into other aspects of science communication.
With the results section: The authors state: "The majority of respondents agreed that they were interested in science (87.5%), with only 7.1% stating the opposite." How does this compare to MORI surveys carried out every four years in the UK that asked similar questions? https://www.ipsos-mori.com/researchpublications/researcharchive/3357/Public-Attitudes-to-Science-2014.aspx The authors state that "One respondent had mixed views about these aspects, noting that whilst science allows people to discover the unknown, the 'dogma' of science and the inability to access scientific literature made it difficult for people to interact with", would they consider illustrating this with a quote from the material?
The authors suggest that interestingly, the top four are all online methods of communication, and represent all of the online options provided. Academics too are actively engaged with social media to network, discuss, plan and carry out studies, with 80-90% of research scientists being at least aware of Twitter and Facebook. This rich and existing community of academics could therefore be utilised more frequently and imaginatively to engage members of the public. This is an interesting comment and I know a lot of scientists would be glad to hear this. However I suggest that the authors temper this by stating...'in this study". It is worth remembering that respondents to the survey were contacted via online/ social media and you may be getting the views of the online-literate members of society that might not reflect the wider non-social media society.
I wonder about the concept hinted at in the introduction, that academics practising science communication and engagement appear to favour these types of activities for public engagement events. I think there are many scientists who are turning to online indirect methods of sci comm to share areas of personal and wider science interest. Do the authors know if anything has been written about this at all? As a keen online provider of science material and functioning within these type of communities I wonder if I am seeing the result of my own biases as I feel all scientists are equally engaged this way as the community is vibrant and active and perhaps masks a wider science community that doesn't engage in this way. I am also intrigued that if this appears to be a preferred way for non-scientists to engage with science what does that mean for two-way engagement?
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Finally "Despite the interesting opportunities for active involvement that citizen science and crowd sourcing can offer" As someone actively involved in a citizen science project myself, I am intrigued by this result. It is thought provoking and deserves further attention.
There are some interesting finding within this publication especially within the context of the deficit/fully engaged models that have framed the science communication discipline and community. I recommend that is is indexed.
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